Science Highlights: Paleolimnology mg/L (Jeziorski et al., 2008a) , suggesting that the threshold measured under natural conditions may actually be higher than the 1.5 mg/L threshold identified in laboratory studies. The number of lakes at or nearing this threshold is considerable and increasing; an examination of changes in Ca concentrations for a set of 770 lakes covering a broad geographical area in Ontario (Canada) found that 35% of lakes currently have <1.5 mg/L of Ca, while 62% are already below 2.0 mg/L, reflecting substantial increases in percentages since the 1980s (Jeziorski et al., 2008a) .
Future research avenues
We are continuing to examine the use of crustacean zooplankton as indicators of past Ca conditions across a wide spectrum of Canadian Shield lakes. For example, to better interpret changes observed in sediment profiles, more information is required regarding specific laboratorydetermined Ca thresholds for taxa other than Daphnia pulex to further refine our current separation of taxa into Ca-rich vs. Ca-poor categories. Additionally, further examinations of the potential indirect impacts of Ca decline are warranted, such as the differential uptake of Ca and Sr, and/or isotopic differences as Ca concentrations fall (Peters et al., 2008) . Finally, Ca decline has been largely attributed to either acid deposition, biomass harvesting or some combination of both, yet similar declines have been observed in regions where the effects of these stressors have been minimal, and so other environmental changes, such as decreases in atmospheric deposition of particulate dust (Hedin et al., 1994) may also be contributing to the observed Ca declines. Given our limited current understanding of both the biological consequences of reduced Ca availability, as well as its geographic extent, further investigations are clearly warranted.
Note
The term "aquatic osteoporosis" was coined by M. Turner, a co-author on Jeziorski et al., 2008a. References Ashforth, D. and Yan, N.D., 2008 Comprehensive quantitative annually resolved multi-proxy climate reconstructions for the past ca. 1 ka are arguably among the most spectacular and widely recognized highlights of current paleoclimate research (see PAGES Focus 2: Regional Climate Dynamics). In this context, lake sediment archives are surprisingly underrepresented in the data series used for such purposes. Indeed, the number of well-calibrated long time series of quantitatively reconstructed climate variables at (near) annual resolution derived from lake sediments is limited; most of the reconstructions are descriptive, and samples have variable temporal resolution or are discontinuous; with the exception of the few annually laminated lake sediments. In contrast to biota-based transfer functions (e.g., diatoms, pollen, chironomids; e.g., Birks, 1998) , bio-geochemical sediment proxies can be transformed into quantitative climate variables only through a calibration-in-time approach: a time series of sediment proxies regressed against a series of meteorological observations.
Recently, we started to explore possibilities to produce millennial-long, highly resolved (near-annual) quantitative climate reconstructions from biogeochemical data using a calibration-in-time approach in non-varved lake sediments . The question was "can a methodology be developed to produce time series of adequate quality for regional climate reconstructions?" Yes, and the result is shown in Figure 2 . The statistical procedure per se is known from tree-ring research (e.g., Cook et al., 1994; Esper et al., 2005) and has been applied in quantitative climate reconstructions from annually laminated lake sediments (e.g., . But would a calibration-in-time also work in non-varved sediments? Evidently, two things are needed: a) an extremely accurate high-resolution sediment chronology with smallest uncertainties for the calibration period (which typically covers ca. 100 years; von Gunten et al., 2009b; Fig. 1) ; and b) sediments corresponding to the calibration period must be sampled at highest possible resolution (e.g., near-annual; von Gunten et al., 2009a; Fig. 2) . We consider the following five methodological issues to be highly critical for the success of this approach:
1) Rigorous testing of calibration chronology
While radiometric techniques (mostly 210 Pb) are widely used to date young sediments, little attention is paid to the choice and evaluation of the numerical model used to convert activity profiles into sediment ages. Although well documented (e.g., , it is often ignored that the three established models (Constant Flux Constant Sedimentation, CFCS; Constant Initial Concentration, CIC; Constant Rate of Supply, CRS) may yield very different chronologies for the same profile (Fig. 1A) . A fourth model, the inductive Sediment Isotope Tomography (SIT) model is poorly established in the paleolimnological literature. SIT uses a forward modeling approach and calculates, in contrast to CIC and CRS, sediment ages without a-priori model assumptions . Our systematic comparison of all the models in two different lakes in Chile ( Fig. 1; von Gunten et al., 2009b) shows Science Highlights: Paleolimnology that the SIT model yields the best results compared with independent chronostratigraphic markers of known age. Indeed, testing against such markers (e.g., flood markers, tephra layers, seismites, Spheroidal Carbonaceous Particle (SCP) profiles) provides an objective choice for the selection of the "best"
210
Pb chronology (and rejection of the others).
Conclusion 1:
We recommend routine calculation and comparison of chronologies from all three standard models (CIC, CRS and SIT), tests of robustness and verification against independent markers (available in most cases) to identify the best chronology.
2) Reducing uncertainty in the chronology
All sediment ages are probabilistic. Typically, the standard deviation increases with increasing depth or age. It is the standard deviation of the chronology during the calibration period (i.e., last 100 years) that is critically important for calibration-intime. The time series of proxy data needs to be smoothed to account for dating uncertainties before a regression with meteorological data is possible (Koinig et al., 2002) . Consequently, the standard deviation in the chronology determines the degree of smoothing needed and, finally, the maximum possible resolution of the climate reconstruction (or the loss of the high-frequency component of climate variability). The software of the SIT model allows the numerical assimilation of 210 Pb-independent discrete chronostratigraphic markers (forcing the forward modeling through a specific age/depth point), while reducing the standard error of the continuous model chronology. This is of significant advantage for calibration-in-time, in particular for the early instrumental period when dating errors are typically high.
Conclusion 2:
Independent stratigraphic markers are worth the extra effort and are important to reduce the standard deviation of the chronology in the calibration period. This has direct consequences for the quality of the calibration and for the maximum temporal resolution of the reconstruction and, ultimately, for the preservation of the high-frequency signal in the paleoclimate variability. Pb chronologies (Arnaud et al., 2002) . Layers with rapid sedimentation (e.g., turbidites) need to be excluded; and b) samples for the analysis of the lake sediment proxies must be taken continuously and, ideally, at annual resolution, at least throughout the calibration period. This is the basic requirement to target e.g., sub-decadal climate variability (such as ENSO cycles).
Figure 1: Calibration chronologies for Laguna El Ocho, central Chile (von Gunten et al., 2009b). A) Different results obtained for the six chronological models applied; the dating uncertainty is not shown here. The turbidite between 4 -5.5 cm sediment depth (gray bar) is related to the 1960 earthquake. B) The two most plausible chronologies; the SIT model (green line) has been verified (CRS model falsified) with a documented (AD 1977) Cu emissions peak of a nearby Cu mine (expressed as
Therefore, the sediment core that is used to establish the proxy data must not be cut before the chronology for the calibration period is fully established, and sampling intervals along the sediment core should be adjusted according to local sedimentation rates. Furthermore, the core used to establish the chronology and the one used to produce the proxy data series must have a perfect micro-stratigraphic match at the millimeter-scale. In practice, this is only possible on two halves of one split core, or on varved sediments. In this context, the advantage of using non-destructive methods (XRF scanning or in-situ reflectance spectroscopy scanning (Kalugin et al., 2007; Rein and Sirocko, 2002; ; Fig. 2) ) is obvious.
Conclusion 3:
Establish the chronology of the calibration period first, and sample the sediments for the proxy analyses afterwards (according to the chronology).
4) Sampling resolution, analysis of the meteorological data
Ultra fine "technical" sampling resolution does not necessarily correspond to the "true" resolution of (climate) variability recorded in the sediments. For a number of reasons (dating and sampling errors, synchronizing of proxy data points to a calendar scale with homogenous temporal resolution) raw proxy series must be filtered. As a rule of thumb, the resolution of the raw data series should be 3-4 times higher than the final resolution (highest frequency band of climate variability) envisaged. System-inherent filters, such as bioturbation may destroy the highest true (or meaningful) temporal resolution of climate variability that is potentially recorded in a lake. Thus, this type of research should actually start with the statistical analysis of the local meteorological time series, and calculate the sampling resolution that is required to detect the dominant features of variability, trends and extremes of the local climate.
Conclusion 4:
The "technical" and the "true" sampling resolution, and the "envisaged"(best possible) temporal resolution of the climate reconstruction have their restrictions. These must be carefully assessed.
5) The properties of the calibration period
Obviously, all the caveats for regressionbased reconstructions also apply to a calibration-in-time (e.g., non-modern analogues, long-term trends). Furthermore, the length of the instrumental meteorological time series is often limited. Moreover, many of the calibration parameters (starting and ending point, data homogenization, selection of the split periods for cross validation, etc.) are an optimization process and an expert choice. Instead of using split periods, it might be justified to use the entire meteorological data series for a proper calibration. In addition, the use of reanalysis data sets should be considered and tested (e.g., ICOADS http:// www.cdc.noaa.gov/data/ or ACRE http:// www.met-acre.org/) in areas where instrumental series are very short. Shorter calibration periods often exhibit pronounced (warming) trends, which is a problem for the calibration statistics.
Conclusion 5:
The choice of the appropriate calibration (period and parameters) is not a priori known. A novel approach would be to produce probabilistic reconstructions based on an ensemble of different calibrations.
Conclusions and outlook
New developments in scanning techniques have boosted the acquisition of high-resolution biogeochemical proxies from lake sediments. Faced with the challenges mentioned above, these data must be converted into quantitative climate (environmental) variables using calibration-in-time. We have shown here that this task can be accomplished; yet, it requires careful consideration and planning of the practical work, further refining of the methodology (as proposed above), as well as systematic exploration of the potentials and limits of the individual methods used.
In recent years, Chinese paleoscience including paleolimnology has made huge progress, providing a wealth of data on past environmental and climatic change on various timescales. A brief review is presented here on recent research based on Chinese lake sediment records and their significance in the PAGES context.
Climate records in the arid areas of northwestern China
A large share of paleolimnological research in China has focused on climate records from lakes located in the vast arid and semi-arid areas of northern and western China, which include the regions of Inner Mongolia, Xinjiang, Qinghai and Tibet. These climate records are concerned with changes in precipitation or effective moisture. Most of these lakes are brackish or saline and often very shallow (Fig.   1A ). The most commonly used proxies are pollen, stables isotopes (δ 13 C, δ 18 O), ostracods, grain size and various geochemical variables. Because of bad preservation in these saline, highly alkaline and shallow lakes, biological proxies, such as diatoms,
